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ABSTRACT

This study aimed to identify Sarcocystis species isolated from macroscopic sarcocysts from naturally infected
domestic sheep and goats using the molecular method, as well as investigating the morphological and the
ultrastructural characteristics of the isolated species. A total of 1000 esophagi were collected from sheep and goats
and examined for the presence of sarcocysts. Macroscopic sarcocysts were isolated from the infected esophagi, and
Sarcosystis species were identified molecularly by 18S rRNA gene sequence analysis. Moreover, the ultrastructure
of the sarcocysts was investigated by both scanning and transmission electron microscopy. The macroscopic
sarcocysts were detected in 9.1% (91/1000) of the esophagi. The results of electron microscopy indicated the
characteristic features of the macroscopic sarcocysts. The cysts contained numerous merozoites and banana-
shaped bradyzoites. The bradyzoites were characterized by possessing a double-membrane pellicle and consisted of
a conoid in one of the apices, numerous micronemes, two rhoptries, as well as a long, convoluted mitochondrion,
subterminal nucleus, and several amylopectin granules. The partial analysis of the 18S rRNA gene presented that all
isolates produced bands of expected sizes on gel electrophoresis. The findings from the phylogenetic analysis
revealed that the identified Sarcocystis species were most closely related to S. gigantea, S. moulei, and S.
medusiformis. To the authors’ knowledge, this is the first time S. medusiformis has been recorded in goats. Goats
and sheep can be proposed as alternative intermediate hosts for S. gigantea and S. moulei, respectively, cross-
infection may also occur between them and the host specificity of these species of Sarcocystis is questionable.
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INTRODUCTION

Sarcocystosis is a zoonotic protozoal disease that may cause mortality in many species of domestic and wild animals. Up
to date, more than 196 valid species of Sarcocystis have been identified (Dubey et al., 2016). This parasite has an
obligatory two-host life cycle, asexual stages develop in the intermediate host, which is frequently a herbivores animal,
while sexual stages occur in the definitive host that is a carnivore or omnivore animal (Lindsay and Dubey, 2020). There
are two sizes of Sarcocystis cysts, the microscopic and the macroscopic sarcocysts (Dubey, 2015). Several species of
Sarcocystis develop macroscopic sarcocysts in the tissue of domesticated animals. Among them, S. caprafelis (S. moulei)
in goats, S. gigantea (S. ovifelis), and S. medusiformis in sheep (Lindsay and Dubey, 2020). Two kinds of macroscopic
sarcocysts are identified and classified as fat and thin in sheep. They represent S.gigantea and S. medusiformis,
respectively (Farhang- Pajuh et al., 2014). In Irag, a couple of different sizes of macroscopic Sarcocystis were
recognized in the domestic goats. Fat sarcocysts appear to be large, ovoid, and only found in the esophageal muscle.
Besides, the thin sarcocysts are less frequent and appear small and slender, and also are found in the diaphragm and
skeletal muscle (Barham et al., 2005).

Traditionally, the ultrastructural characteristics of the Sarcocystis are considered as the fundamentals for the
identification of various Sarcocystis spp. within the same intermediate host (Hu et al., 2017; Huang et al., 2019).
Nowadays, genomic sequence analysis is a very essential technique to explain whether morphologically similar
sarcocysts from different intermediate hosts are identical species or not (Yang et al., 2001). The most common sequences
reliable to discriminate Sarcocystis spp. are 18S rRNA, 28S rRNA, COX1, and ITS sequences (Bahari et al., 2014;
Bittencourt et al., 2016; Whaeeb and Faraj, 2016; Hu et al., 2017; Elmishmishy et al., 2018; EI-Morsey et al., 2019;
Gjerde et al., 2020; Metwally et al., 2019). In Iraq, two studies were conducted (Whaeeb and Faraj, 2016; Dakhil et al.,
2017) concerning the PCR sequencing and phylogenetic analysis of the 18S rRNA gene among sheep for S. tenella and
water buffalos for S. fusiformis and S.moulei. There is no molecular and ultrastructural study on Sarcocystis spp. of
sheep and goats in the Kurdistan region, Iraq. Therefore, the current study was designed to identify macroscopic
Sarcocystis spp. in naturally infected domestic sheep and goats using phylogenetic analysis of 18S rRNA sequences and
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to evaluate their genetic variants, as well as to study the morphological and the ultrastructural characteristics of the
isolated species in Soran, Erbil, Irag

MATERIALS AND METHODS

Morphologic characterization of macrosarcocysts

The entire esophagi were collected from 400 sheep and 600 goat carcasses at the slaughterhouse of Soran city,
Erbil, Kurdistan, Iraq, from August 2018 to August 2019. The tissue samples were transported to the laboratory in ice-
cooled boxes for further analysis. The esophagi were longitudinally sectioned to examine its internal and external walls
(Bittencourt et al., 2016). The dimensions of the macrosarcocysts were measured by a ruler, and then several of them
were selected and processed for the ultra-histological study, while other macrosarcocysts were kept at -20°C until
analyses with molecular methods. The microscopic detection was performed by cutting a small portion of the macrocyst,
and then it was compressed between two slides, stained with Giemsa stain, and examined microscopically (Juyal et al.,
1989).

For ultrastructure study by scanning electron microscopy (SEM), small portions of the macrosarcocysts were fixed
with 2.5% glutaraldehyde in sodium cacodylate buffer for 24 h at 4 °C, then washed in 0.1 M cacodylate buffer. After
that, the samples were post-fixed with 1% osmium tetroxide for 2 h at 4 °C. The fixed specimens were dehydrated by
sequential incubations in increasing concentrations of acetone (35%, 50%, 75%, 95% for 10 min, and 100% for 15
min. Finally, they were sputter-coated with gold and inspected by SEM (LEICA model CPD030, Germany) (Bittencourt
etal., 2016; Metwally et al., 2019).

For transmission electron microscopy (TEM), small portions of macrosarcocysts from infected esophagi were fixed
in 2.5% glutaraldehyde in sodium cacodylate buffer for 24 h at 4 °C. Post fixation was done for 2 h in 1% osmium
tetroxide. The specimens were dehydrated in a graded acetone series, infiltrated with 1:1 acetone and Epon resin mixture,
and embedded in Epon resin. The resin was polymerized in an oven at 60 °C overnight. Sections of 700 A thick were
prepared by LKB ultramicrotome with a diamond knife and stained with uranyl acetate and lead citrate. The stained
sections were visualized under TEM (LEICA model CPD030, Germany) (EI- Morsey et al., 2019).

Molecular identification, sequencing, and phylogenetic analysis

The DNA was extracted from 20 macrosarcocysts of both infected sheep and goats according to the manufacturer’s
instructions of the DNA extraction kit (FAVORGEN®, Cat. No. FATGKOO01A, Taiwan). Briefly, 25 mg of the
macrosarcocyst sample was isolated, grounded by micro pestle in a microcentrifuge tube, and processed. Finally, the
extracted DNA was stored at -20 °C until further analysis. The DNA templates were prepared according to the primers
manufacturer's protocol (GeNet Bio, South Korea). Lyophilized forward and reverse primers of Sarcocystis spp. 18S
rRNA genes were prepared according to the manufacturer's instruction. The PCR was performed using the Sarcocystis
spp. specific primers amplifying a portion of the 18S rRNA gene as described in Table 1.

Table 1. Primers used for PCR amplification and sequencing of the 18S rRNA gene of Sarcocystis spp. isolated from
goats and sheep

Primers and Amplicon size

Sequence (5'—3") References

orientation (base pair)
) Choi et al. (2018)
Primer 2L Forward GGATAAACCGTGGTAATTCTATG Kalantari et al. (2016)
850 Yang et al. (2001)
Primer 3H Reverse GGCAAATGCTTTCGCAGTAG Calero-Bernal et al.
(2014)
Primer S1 Forward GAATCCAAACCCCTTTCAGAGT Choi et al. (2018)
1050 Formisano et al. (2013)
Primer 1H Reverse TATCCCCATCACGATGCATAC '
Primer Forward CGCAAATACTATATCACTCG
H i l. (2017
Primer Reverse CTAGAAACCAACAAAATAGA 690 ussein et al. (2017)
Primer Forward CGAATGGCTCATTAAAACAG
570 Hussein et al. (2017)
Primer Reverse CCAACTACGAGCTTTTTAAC
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The PCR reaction was performed by using the super cycler PCR system (Kyratec® Thermo Fisher, Germany)
according to the manufacturer’s protocol for 30-35 cycles consisted of an initial denaturation step at 94 °C for 2 min,
followed by 35 cycles of denaturation at 94 °C for 20 s, annealing at 60 °C for 10 s and extension at 72 °C for 25 s, with a
final extension step at 72 °C for 5 min. The PCR products were visualized by electrophoresis on 1% agarose gel with a
100 DNA marker (Favorgen, Taiwan), and purified using Favorgen® Gel and PCR Clean-up (Favorgen, Taiwan). The
purified amplicons were sent to South Korea for sequencing on both strands, forward and reverse. Positive PCR products
were directly sequenced by using oligonucleotide primers for identifying specific DNA regions of Sarcocystis species.

Forward and reverse sequencing was performed using ABI Prism Big Dye Terminator Cycle Sequencing Ready
Reaction Kit, version 1.1 (Macrogen Inc., South Korea). Sequenced fragments were purified and resolved by capillary
electrophoresis with the 3730xI Genetic Analyzer (Macrogen Inc., South Korea). The resulting sequences were aligned
with other sequences of Sarcocystis spp. from intermediate hosts deposited in the GenBank using the BLAST tool and
subjected to phylogenetic analyses (Rubiola et al., 2019). The neighbor-joining method was used to create a guide tree as
pairwise and multiple sequence alignment. The Sanger sequencing technique was used for sequencing purposes.
Phylogenetic analyses were performed based on nucleotide sequences of the 18S rRNA gene and compared to
Toxoplasma gondii as an outgroup parasite by using the MEGA7 program (Kumar et al., 2016). The bootstrap method
was used by testing 1000 bootstrap replications.

RESULTS

Morphologic characterization

The macroscopic sarcocysts were detected in 9.1% (91/1000) of the inspected esophagi of both sheep and goats.
Two different shapes of macroscopic sarcocysts were detected (Figure 1), which were described as thick and thin
sarcocysts. The thick sarcocysts were oval to sac-like shape with bluntly rounded ends and were found in sheep and
goats. The other type was thin, slender (fusiform), elongate with pointed ends, and was observed in goats only. The size
of the thick sarcocysts ranged from 4 x 2.5 to 8 x 5 mm. While the thin sarcocysts varied from 5 x 2 to 10 x 3 mm in
size. Bradyzoites were found in all digested macroscopic sarcocysts samples of both animals (Figure 1D). Based on the
gross examination, shape, and size of the macroscopic sarcocysts, the thick macroscopic sarcocysts were tentatively
identified to S gigantea and S. moule, whereas the thin type was assigned to S. medusiformis.

o
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Figure 1. Gross appearance of the macroscopic sarcocysts in the esophageal muscles of infected sheep and goats with
Sarcocystis spp. A: Oval shape sarcocyst in the sheep, B: Fusiform slender sarcocyst in the goats, C: Oval sac-like
sarcocysts in the goats, D: Several banana-shaped bradyzoites from macroscopic sarcocyst stained with Giemsa stain
(Scale bar = 500 nm).
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The current results of SEM revealed three morphologically distinct sarcocysts types. Based on wall thickness, one
of them was thin-walled (<2 um) without a clear secondary wall (Figure 2A), which preliminary was assigned to S.
medusiformis. The second sarcocysts were thick-walled (>5.0 pm) with secondary wall (Figure 2B) that was tentatively
assigned to S. moulei, and the third one was thin-walled (<2 um) covered with connective tissue secondary wall that was
provisionally referred to S. gigantea (Figure 3A). Sarcocysts were located within a parasitophorous vacuole in the host
cell cytoplasm, consisting of a cyst wall that surrounds the metrocytes or the bradyzoites. Internally, groups of
bradyzoites were separated into compartments by septa that arise from the sarcocyst wall as seen in Figure 2A, or they
may not be clearly compartmentalized (Figure 2B).

The esophageal tissue appeared in both animals as a sheath covering the cyst with intact adhesion. Regarding the
macroscopic sarcocyst which proposed belong to S. gigantea, it appeared with a thin wall surrounding by connective
tissue secondary capsule as seen in Figure 3B. In one of the examined macroscopic sarcocysts of sheep, numerous
recognizable bradyzoites appeared and looked like a banana in bundle shape resembles a rose (Figure 3C). There was no
host tissue capsule surrounding the macroscopic sarcocyst of S. medusiformis (Figures 2A and 4A), while S. gigantea
had a host-derived connective tissue (Figure 3A and B). This feature was considered as characteristic for macroscopic
sarcocystis of S. medusiformis.

The present findings of TEM showed that there are ultrastructure similarities for all macroscopic sarcocysts
sampled from sheep and goats. The sarcocysts were filled with a granular substance, merozoites, metrocytes, some
intermediate stages between metrocytes and cyst merozoites, and typical cyst bradyzoites. The merozoites had all the
organelles observed in the bradyzoites, except the rhoptries. The bradyzoites seemed to be banana-shaped and were
arranged separately or tightly in packets separated by septa. The size of the bradyzoite reached 11 % 2.6 um, and had a
double-membrane pellicle, and consisted of a conoid in one of the apices, numerous micronemes, two rhoptries, as well
as a long, convoluted mitochondrion, subterminal nucleus, and several amylopectin granules (Figures 5 and 6). The
apical complex, numerous micronemes, and up to two rhoptries were located in the anterior region. Inclusion bodies,
including amylopectin, lipid, and electron-dense granules were found in the central region of the bradyzoites, and cell
organelles, including the nucleus, were located at the posterior region. The micronemes were small in size and appeared
ovoid or round in cross-section, and they were located towards the conoid.

Moreover, the metrocyte appeared with a nucleus, ground substance, amylopectin, and without micronemes. Some
cysts had muscular tissues adhered to the external layer of the cyst wall. In other cysts, the host muscle tissue was
completely absent.
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Figure 2. SEM of macroscopic sarcocyst in the esophagi of goat and sheep. A: S. medusiformis sarcocyst in goat. Note
the groups of merozoite (bradyzoites), which appear like a banana shape in bundles or packed in chamber-like
compartments separated from each other, and some chamber-like hollows (CA) between them. Scale bar= 10 um. B: S.
moulei sarcocyst in sheep with the thick cell wall (CW), and filled with bradyzoites and metrocytes; the clear septa (Se)
that originate from the sarcocyst wall like tree roots. Scale bar=10 pm.
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Figure 3. SEM micrograph of a macroscopic sarcocyst within the esophagi of sheep and goat. A: S. gigantea with thin-
walled and highly patched merozoite (ME), the septa (SE) are thin; also, there is an appearance of chamber-like hollows
(CA).Scale bar=50 um; B: Peripheral site of macroscopic sarcocyst of S. gigantea with a thin wall surrounding
connective tissue as a secondary capsule. Scale bar= 20 um; C: Part of sarcocyst showing the cell wall of a cyst with
numerous obvious appearances of bradyzoites (Br), which appear like a banana in bundle shape resembles a rose. Scale
bar= 10 um.
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Figure 4. High magnification of macroscopic sarcocyst of S. medusiformis. A: Note the perforated cell wall (CW) and
the numerous bundles of bradyzoites. Scale bar= 20 um B: Huge number of tightly packed bradyzoites of Sarcocystis in
sheep ranged from 6 to 8.6 pum in length. Scale bar= 10 pm.
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Flgure 5. Transmission electron micrographs of a longitudinal section of macroscopic sarcocyst of Sarcocystls in goat.
A: Merozoite of Sarcocystis; amylopectin (am), conoid (co), numerous micronemes (mn), nucleus (nu), convoluted
mitochondrion (mc), dense granules (dg),Scale bar= 1 um; B: Conoidal (co) end of a bradyzoite of Sarcocystis with
numerous micronemes (mn), rhoptries (rh), outer plasmalemma membrane (om), inner membrane (im), and tubular
mitochondrion, Scale bar = 500nm.

R

Figure 6. Ultrastructure of bradyzoites of sheep macroscopic sacocysyt of Sarcocystis. A: Note conoidal ring (Cr),
amylopectin (am), numerous micronemes (mn), nucleus (nu). Scale bar=2 um. B: conoidal ring (cr), numerous
micronemes (mn), nucleus (nu), rhoptries (rh), dense granules (dg), amylopectin (am), and mitochondrion (Mi) in sheep
esophagus. Scale bar= 2 um.

Molecular characterization

The PCR amplification revealed that all 20 isolates produced a positive band on gel electrophoresis with different
amplicon molecular sizes. The partial 18S rRNA gene was amplified in all tested samples and yielded the expected
amplicon PCR size of 1050, 850, 690, and 570 bp in both animals (Figure 7). Sanger sequencing was performed for
identifying the Sarcocystis spp. by using forward and reverse prim:rs for eight macroscopic carcocyst samples. The
present findings proved that all macroscopic sarcocysts of both sheep and goat belonging to Sarcocystis spp and are
deposited in the GenBank with accession numbers MN658377 from sheep and MN658381 from a goat. Comparison of
one of the obtained sequences with other Sarcocystis spp. registered in GenBank was performed. The result of the
phylogenetic analysis was compared with Toxoplasma gondii as out-group species and compared with Sarcocystis 18S
rRNA sequences from sequences deposited in the GenBank database. The eight sequences of Sarcocystis spp. were
placed within the tree, (S1, S3, S4, G1, and G3) and (S2 and G2) were found in both sheep and goats, which related to S.
gigantea and S. moulei, respectively. While G4 was recorded in goats and it was assigned to S. medusiformis (Figure 8).
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The sequencing of the amplified products resulted in 16 readable sequences, among those, S4 showed 99.43%
identity with previously deposited sequence S. gigantean in GenBank with accession number MT026577 from Iran and
98.86% with S. moulei with the accession number of KC508513 from Iran. Also, S2 showed 99.46% identity with S.
moulei under the accession number L76473 and 98.50% with S. gigantea with the accession number MK420020 from
Spain. In addition, G3 showed 94.35% identity with S. gigantea of accession number KP053894 from Iran, Moreover,
S1 showed 92.34 % of homology with S. gigantea of the accession number MF769582, and G2 showed 94.66% identity
with the isolate of accession number L76473. While G4 display 92.61% homology with S. medusiformis accession
number MK42002.

Figure 7. PCR products of partial 18S rRNA gene of Sarcocystis spp., presented bands at 1050 bp (A), 850 bp (B), 690
bp (C), and 570 bp (D) on 1% agarose gel. M: 100 bp size marker. Lanes S1-S4: Sarcocystis spp. isolated from sheep.
Lanes G1- G4: Sarcocystis spp. isolated from goats. Lane C: negative control.
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DISCUSSION

Sarcocystosis is prevalent in several ruminant livestock animals like cattle, sheep, and goats worldwide. The current
study revealed that macroscopic Sarcocystis infection is common among sheep and goats. A large variation in the size
and the shape of the sarcocysts was observed in the inspected esophagi of both animals, and this may be attributed to the
age of the cyst as well as to the species of Sarcocystis.

Ultrastructural and molecular analysis of macroscopic sarcocysts showed three distinctive species of Sarcocystis.
Regarding the sarcocysts from sheep origin, the results indicated that three of them represented S. gigantea, whereas the
fourth one related to S.moulei. There are only two validated macroscopic species of Sarcocystis described in sheep; S.
gigantea and S. medusiformis. S. gigantea is distributed worldwide, including lrag (Al-Hyali et al., 2011), whereas S.
medusiformis has only been reported from lItaly, Iran, New Zealand, Spain, Jordan, and Australia (Collins et al., 1979;
Dubey et al., 2016). The occurrence of S. moulei in sheep esophagi demonstrated that sheep can be a suitable host for
S.moulei that is previously documented to parasitize goats. Elmishmishy et al. (2018) stated that there are very close
phylogenetic interactions between S.gigantea and S.moulei, a goat specific species which rarely recorded in sheep and
they suggested the cross-transmission between these two hosts. Moreover, a similar result was recorded in Iran and
indicated that sheep can be a convenient and alternative host for S.moulei (Kalantari et al., 2016). Also, other researchers
concluded that the Sarcocystis spp. of sheep and goats are highly related and should be together grouped (Metwally et
al., 2019).

Concerning host specificity, investigation in Saudi Arabia identified S. moulei from sheep and goats (Al-Hoot et
al., 2005), as well as a previous study, recorded the infection of goats with S. ovifelis (S. gigantea) and with S. moulei at
the same time, besides, they concluded that the goats are the host for at least 3 Sarcocystis species that are hidden
beneath the first description of S. moulei (Ghaffar et al., 1989). Also, a study from Iraq proved, for the first time, the
infection of water buffalo with S.moulei in the world (Dakhil et al., 2017). The current work showed that the goats
harbored three species of Sarcocystis, S. moulei, S. gigantea, and S. medusiformis. It is known that S. moulei is the
macrosarcocysts of goats (Lindsay and Dubey, 2020).

The current study reported the first infection of goats with S. medusiformis in Irag. This species was identified by
morphological, ultrastructural, and molecular characterization, and in comparison with the formerly sequences that
already existed in the GenBank of Sarcocystis spp. (Obendorf and Munday, 1987; Oryan et al., 1996; Gjerde et al.,
2020). The morphologic characteristic of the sarcocysts of S. medusiformis as a thin fusiform shape and its size was
consistent with the previous description of this species from sheep (Obendorf and Munday, 1987; Farhang-Pajuh et al.,
2014). Besides, the muscle tissues infected with S. medusiformis were not encapsulated (Figure 3A, Figure 5A), but in
the case of S. gigantea the muscle cell encapsulated by a host-derived connective tissue, but there was no real secondary
wall (Figure 4A and B). This agreed with the findings of several studies (Munday and Obendorf, 1984; Obendorf and
Munday, 1987; Ghaffar et al., 1989; Gjerde et al., 2020). The secondary cyst wall was detected in the old macrocyst of
S.moulei; this agreed with the description of (Ghaffar et al., 1989), whereas in S. gigantea, there was no secondary wall,
but there was a connective tissue capsule that originated from the host tissue. Furthermore, TEM results showed the
typical structure of the bradyzoites, which contain the conoid, inner membrane complex, numerous micronemes, and
rhoptries that are presented as electron-dense located at the anterior part. Also, there are dense granules scattered along
the bradyzoites, particularly in the middle of it, tubular mitochondrion, amylopectin, and a sub-terminal large nucleus as
described previously (Dubey et al., 2014; Dubey et al., 2016; EI-Morsey et al., 2019).

In the present study, molecular detection was performed by using partial 18S rRNA genes for genotypic
confirmation of the Sarcocystis spp. The variable regions of the 18S rRNA gene act as useful targets for the classification
and characterization of dissimilar species (Neefs et al., 1991; Yang et al., 2001). Moreover, 18S rDNA is very
convenient for phylogenetic investigations due to its high conservation, and examination of its variable regions permits
the identification of species within a genus (Maidak et al., 1997; Ng et al., 2015). The PCR amplification of 20
macroscopic sarcocysts revealed that all isolates have a positive band on gel electrophoresis with different amplicons
sizes. The partial 18S rRNA gene was amplified in all positive samples and yielded the expected amplicon PCR size of
850, 1050, 690, and 570 bp for both animals.

The current phylogenetic analysis was successfully generated with Toxoplasma gondii inferred from near full-
length 18S rRNA sequences and compared with previous sequences presented in GenBank. The occurrence of cross-
infection may happen as seen in (S1, S3, S4, G1, and G3) belonged to S. gigantea in both sheep and goats, (S2 and G2)
belonged to S. moulei, while S. medusiformis was only found in goat. Yang et al. (2001) concluded that morphologically
similar species from two different intermediate hosts should be considered as the same species. Therefore, some
Sarcocystis species seem to have a wider intermediate host range than formerly expected. The findings of the present
study agreed with the outcomes of some previous investigations in this respect (Yang et al., 2001; Kalantari et al., 2016).
The phylogenetic homogeneity between S gigantea and S. moulei found in the current study can be reasoned by
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considering them as a sister clade, and this highlights the possibility of the occurrence of cross infection (Kalantari et al.,
2016).

The current phylogenetic tree showed that the sequence of G4 from Iragi goats assigned to S. medusiformis was
highly similar to S. gigantea of accession number Mt026577. Similar findings were reported in a study related to
Sarcocystis of sheep in Spain and showed that S. medusiformis was sister to sequence of S. gigantean (Gjerde et al.,
2020). Moreover, the macrosarcocysts of S. medusiformis were recorded in Iran by two studies, the first one using a
gross examination of the morphological features and transmission study, the shape of the isolated macrosarcocysts
appeared narrow and elongate (Oryan et al., 1996), and the second by using the PCR-RFLP technique for the 18S rRNA
gene, but they did not confirm the species by sequencing of the PCR product (Fahang-Pajuh et al., 2014). Besides, a
recent study pointed out that S.capracanis of domestic goats is sister species of S.tenella of sheep (EI-Morsey et al.,
2019). The genotypic characteristic result agreed with the results obtained in Iran, Brazil, Argentina, and Spain (Bahari
et al., 2014; Bittencourt et al., 2016; Gjerde et al., 2020). Nevertheless, it has documented that the mitochondrial COX1
sequence is considered to be a better marker than 18S rRNA, as COX1 gene could differentiate closely related
Sarcocystis species in 18S rRNA analysis (Gjerde, 2013).

On the other hand, researchers compared the new sequences of the four genetic markers (18S rRNA, 28S
rRNA, mitochondrial COX1, and ITS-1) for S. tenella and S. arieticanis, and confirmed that the ITS-1 region could be
more useful for distinguishing closely related Sarcocystis spp owing to its high divergence (Hu et al., 2017). Also, El-
Morsey et al. (2019) stated that the COX1 gene and the 1TS-1 sequences could be more accurate than the 18S rRNA and
28S rRNA genes for differentiating the closely related Sarcocystis spp. within the intermediate hosts because of their
high divergence.

CONCLUSION

To the authors’ knowledge, this is the first molecular and ultrastructural study of ovine and caprine Sarcocystis infection
in Kurdistan, Iraq. The present findings showed that the isolated Sarcocystis spp. were most closely related to S.
gigantea, S. moulei, and S. medusiformis and may consider them as sibling strains; the cross-infection may happen
among sheep and goats, therefore, the host specificity of several Sarcocystis species is questionable. Further
investigation with more precise gene markers like the mitochondrial COX1 gene and the ITS-1 sequences are
recommended to differentiate the closely related species, besides transmission study within the proposed definitive host
is needed to provide further clarification of the biology of this enigmatic genus of protozoan parasites.
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